ABSTRACT
INTRODUCTION
The feature of chelate-forming derivatives of N-nitrosohydroxylamines is the possibility to form stable complexes with the metallic ions of various natures (for example, Al and Pd).
The ammonium salt of N-nitroso-N-phenylhydroxylamine, is a well known (as cupferron) analytical reagent and it was very popular especially during the classical period of analytical chemistry [1] [2] [3] . This ligand is known to form complexes with many metals but only few of them have been structurally characterized [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Recently it was shown that many ortho-substituted N-nitroso-N-oxybenzenamines are good NO donors for both in vitro and in vivo assays [16] . As the major biological functions of NO include controlling blood pressure, smoothing muscle tone and platelet aggregation, and participating in neuronal synaptic transmission, Thus, the development of new substances which are potential NO donors and studies of their structure and properties are current challenges facing medicinal and synthetic chemists.
In addition, cupferron is a biologically active compound, known to display carcinogenic, genotoxic, mutagenic and DNA-damaging effects [17, 18] . The knowledge of the chemistry of cupferron and its analogues containing N-nitrosohydroxylamine fragments could contribute to a better understanding of the interaction of nitrogen oxide with metal centers of biologically important species.
Here we report the isolation and characterization of some transition metal complexes with N-benzyl-N-nitrosohy-droxylamine (BNHА).
EXPERIMENTAL

Measurements
The electronic spectra in the 200 -800 nm range were obtained on a Varian spectrophotometer "Cary 50 scan", using aqueous 10 −4 M solutions. IR spectra were recorded in KBr on a Varian "Excalibur HE 3100" FT spectrophotometer. Single crystal was characterized by a Bruker APEX II diffractometer. All the chemicals are commercially available and they were used without further purification. All the solvents were dried using standard methods before use.
Synthesis of K(BNHA) and Transition Metal Complexes
K(BNHA) and Cu(BNHA) 2 . The synthesis was performed according to the procedure described in [19] . A solution of benzylmagnesium chloride was prepared
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O. Kovalchukova et al. / Open Journal of Inorganic Chemistry 3 (2013) 1-6 2 from magnesium (24.3 g, 1 mol) and benzyl chloride (126.7 g, 1 mol) in the dry Et 2 O (800 mL). The NO gas was bubbled through the solution under vigorous stirring and cooling at such a rate that NO was almost entirely absorbed. The NO flow rate and the degree of its absorbance were controlled by the comparison of the rate of NO bubbling through the bubble vessel filled by NaOH at the outlet of the reactional vessel. The reaction mixture temperature was maintained in the range −20˚C -−30˚C. A pasty solid was separated and encumbered stirring. After the period of a rapid NO absorption (1 h), stirring was continued in an NO atmosphere for 0.5 h until the NO absorption was completed, with a gradual increase in temperature to 0˚C. The reaction mixture was purged with Ar to avoid site reactions involving both NO and the Grignard reagent, cooled to −10˚C, and then a mixture of MeOH (50 mL) and Et 2 O (50 mL) was gradually added. The reaction mixture was poured into 700 mL of water, acidified with 5 M HCl, the ethereal layer was separated, and the aqueous layer was extracted with Et 2 O (100 mL × 3). The combined extracts were washed with an excess of 10% KOH. The aqueous layer was neutralized with 5 M HCl until pH 4. The precipitate of N-benzyl-N-nitrosohydroxylamine was washed with water. The wet product was dissolved in the appropriate quantity of 10% KOH, so that the pH value reached 8 -9. The mixture was concentrated in vacuo, the residue (108 g) was crystallized from EtOH (200 mL), and dried in air. Yield 79.1 g (39.7%), colorless plates, dehydration temperature 110˚C -115˚C, m.p. 211˚C -214˚C (dec.). Upon heating (1 h) in vacuo at 110˚C -145˚C, a sample of the air-dried salt (10.5547 g) lost 0.4838 g, i.e., 0.507 mol of H 2 O per one mol of the hydrated salt was removed. Filter liquor was concentrated to 50 mL, and the additional air-dried product (14.2 g) was precipitated with Et 2 O (250 mL). The overall yield of K(BNHA) was 93.3 g (46.8%). The treatment of the combined filtrate and wash liquors with CuSO 4 additionally gave 9.1 g (5%) of Cu(BNHA) 2 (m.p. 157˚C -158˚C (dec.)). The overall yield of K(BNHA) and Cu(BNHA) 2 51.8%.
Transition Metal Complexes of BNHA
The above mentioned complexes were prepared by the reaction of the corresponding metal chloride with K(BNHA). In a typical reaction, an aqueous solution containing 1 mmol of MCl 2 ·xH 2 O was slowly mixed with 2 mmol of the K(BNHA) under vigorous stirring. The obtained precipitates were collected and re-crystallized from ethanol. Yields 50% -70%.
The formulae of the obtained complexes are derived from the elemental analysis and presented in the Table 1 .
Electronic Spectroscopic Measurements
Spectrophotometric titration of solutions of K(BNHA) with the solutions of metal salts in water was carried out in neutral and alkaline media. Based on the results of titration, the saturation curves were drawn for several wavelengths, and the metal-to-ligand ratios were calculated. The formation constants of metal complexes were determined by the procedure described by Beck & Nadypal [20] .
X-Ray Data Collection and Structure Determination
Light blue needles of Cu(BNHA) 2 suitable for X-ray data collection were obtained while re-crystallisation from ethanol. The diffraction data were collected on a Bruker APEX-II CCD diffractometer at room temperature and processed using the Bruker software [21] . The structure was solved by the direct method. The positions of the hydrogen atoms were calculated. The non-hydrogen atoms were refined in the anisotropic approximation, and the hydrogen atoms were refined within the riding model. Structure solution and refinement were performed using the SHELX97 program package [22] . Crystal data and details of data collection and structure refinement are given in Table 2 . Selected bond lengths and angles are listed in Table 3 .
RESULTS AND DISCUSSION
Electronic Spectra
The electronic absorption spectrum of K(BNHA) (Figure 1 ) (14) 1.476 (3) O (1)Cu (1)O (2) 82.30 (8) O (3)Cu (1)O (4) 82.59 (9) N (2) a Cu (1)N (4) b 177.87 (6) N (1)O (1)Cu (1) 107.49 (15) N (3)O (3)Cu (1) 107.83 (15) N (2)O (2)Cu (1) 113.29 (16) N (4)O (4)Cu (1) 112.72 (16) O (1) The addition of metal salts to the solutions of K(BNHA) provokes the hypsochromic shift and decrease in intensity of the ligand absorption band which indicates the change of the electronic structures of the organic anions due to their complexation and formation of coordinate bonds of a co-valent character.  max 1 -19 nm. The presence of isobestic points in the spectra indicates the reversible equilibria in the "ligand-complex" systems. The metal-to-ligand ratio and formation constants of the complexws in aqueous solutions are presented in the Table 4 .
As the K-BNHA bonds may be considered to be of 100% ionic character, the  max value may indicate the increase in the degree of co-valency of M-BNHA interaction. Thus, from the data of the Table 4 it is evident that among divalent ions of the metals of the 1st transition series, the degree of co-valency of metal-to-ligand interaction changes as following: Mn 2+ < Co 2+ = Ni 2+ < Cu 2+ > Zn 2+ . The Al-BNHA interactions possess the most covalent character as well as Ba 2+ forms the coordinate bonds of almost 100% of ionicity.
IR Spectra
The major IR absorption bands of K(BNHA) and its Cu(II) and Co(II) complexes are presented in the Table  5 .
The assignments of the various absorption bands in K(BNHA) and the transitional metal complexes were performed according to N. Thakur et al. [23] for cupferron and metal cupferrates. It is shown that on complex formation NO stretching frequencies are lowered and the deformation frequencies increased while the C-N and N-N stretching frequencies are not very much altered, indicating that the complex formation takes place through the oxygen of the NO groups.
Crystal Structure of Cu(BNHA) 2
The copper atom has a nearly planar square coordination formed by oxygen atoms of two BNHA-ligands, which close 5-membered ONNOCu chelate rings (Figure 2 [24] , which is the only compound of NBHA found in the Cambridge Structural Database (version 5.33). Bond lengths (Table 3) suggest that π electrons are delocalized over the ONNO chelating groups. The difference between the N-O bond lengths is insignificant, and the N-N bond lengths are close to the double-bond type [25] . This suggests an important contribution of the -O-N+(R)=N-O-canonical form. Cu (BNHA) 2 complexes are packed in stacks running along the b axis (Figure 3) . In a stack, atoms N(2) and N(4) of neighboring complexes approach the Cu(1) atom by 3.306 (2) and 3.118 (3) Å, respectively, thus completing its coordination to an extremely elongated tetragonal bipyramid. 
CONCLUSION
The N-benzyl-N-nitrosohydroxylamine (BNHА) ligand coordinates metal ions by two oxygen atoms. The bonding of the ligands to metal ions is confirmed by spectroscopic and single-crystal X-ray diffraction studies. The composition and the formation constants of the complexes in aqueous solutions were determined by UV spectroscopic titration.
SUPPLEMENTARY MATERIAL
The crystallographic data for Cu(BNHA) 2 have been deposited with the Cambridge Crystallographic Data Centre (CCDC 910807).
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